We have grown untwinned YBa2Cu3O 7−δ (YBCO) films on (110) MgO substrates that were preannealed at high temperature in oxygen atmosphere. The annealing results in surface reconstruction with shallow facets, which induce the suppression of the YBCO twinning domains, and the preferential alignment of the CuO chains along one of the in-plane directions of the sample. Because of the large mismatch between the in-plane lattice parameters of film and substrate, the strain induced by the MgO into the YBCO layer is strong and very peculiar. The YBCO film is compressed, with respect to the bulk, and presents a unidirectional buckling of the atomic planes, along the chains' direction, due to a deformation of the copper-oxygen octahedra. The YBCO films, which can be grown with thicknesses down to few unit cells and oxygen doping levels spanning most of the superconducting dome, are patterned into nanowires with dimensions down to 50 nm. The anisotropies due to the untwinning state are preserved in these structures; moreover, additional anisotropies appear, in ultrathin structures where strain effects become more pronounced. Such untwinned and compressively strained films can therefore be used as a platform to study the interplay between strain and the various local orders in the normal state of YBCO.
I. INTRODUCTION
Strain in thin films can play a crucial role in unveiling the still mysterious phenomenology of the high critical temperature superconductors (HTS) both in the superconducting and in the normal state [1] . The deformation of the unit cell, with respect to the bulk form, has recently been used as a tool to tune the different orders, characterizing the phase diagram of this class of materials. Superconductivity [2] , electronic nematicity [3] , antiferromagnetism [4] and charge order [5] [6] [7] can all be modified, even strongly, as a consequence of the strain. The response of these orders to strain might give new insights into the competition and intertwining among the various orders, possibly shedding light on the mechanisms leading to HTS. Compressive strain can help to settle the long-standing issue about the connection between superconductivity and charge density waves (CDW) in the underdoped region [8] [9] [10] [11] . By applying pressure, the superconducting critical temperature increases [12, 13] , while the CDW get strongly modified [6, 7] . These experiments have been performed under conditions, such as hydrostatic pressure and mechanical stress, requiring the use of single crystals.
In principle, it would be advantageous to employ cuprate thin films, where the compressive strain is in-duced by the substrate. In the case of YBa 2 Cu 3 O 7−δ (YBCO), this requires the growth of films which must be untwinned, to preserve the anisotropies related to the orthorhombicity of the unit cell, and at the same time compressively strained. The growth of untwinned films, where aligned CuO chains are present throughout the sample, is not an easy task since c-axis oriented YBCO films usually grow twinned on the substrates commonly used for the deposition of cuprates. This twinning, caused by a random exchange of the in-plane a and b axis, influences the electric and magnetic properties of the films [14] [15] [16] [17] . The best untwinned YBCO films, reported so far, have been achieved on (001) oriented SrTiO 3 (STO) substrates with a vicinal miscut angle [18, 19] . However, the STO substrate induces a tensile stress into the YBCO films.
Here we report on the growth of untwinned YBCO films under compressive strain. We succeeded in this task, by an in-situ thermal treatment of (110) oriented MgO substrates, prior to the deposition of the YBCO thin films. The thermal treatment results in a reconstruction of the substrate surface, favoring the growth of untwinned YBCO. Moreover, the film is subject to a very peculiar compressive strain, as a result of the large mismatch between the in-plane lattice parameters of the film and the substrate. The b axis shrinks, and tilts around the normal to the MgO surface. The manuscript is organized as follows: In Section II, we start with an overview of the past results on untwinned YBCO thin films, to highlight the crucial conditions which must be fulfilled in order to preserve the alignment of the CuO chains. In Section III we describe the thermal annealing procedure performed on the (110) oriented MgO substrates, which induces a surface reconstruction into shallow and elongated facets. Sections IV and V describe the structural characterization of our films. Finally, in Section VI we discuss the transport properties of nano-and microwires, patterned on the untwinned YBCO films. The anisotropies related to the orthorhombicity of the YBCO unit cells are preserved down to the nanoscale. In addition, new anisotropies develop, driven by strain.
II. ON THE QUEST FOR UNTWINNED YBCO THIN FILMS
Highly textured YBCO thin films are generally deposited by sputtering or by pulsed laser deposition (PLD), at temperatures in the range 700 -900
• C. Due to these high temperatures, YBCO films grow in the oxygen depleted tetragonal phase (i.e. with an oxygen content per formula, indicated as n = 7 − δ, in the range 6 ≤ n ≤ 6.4). During the subsequent cooling, in oxygen atmosphere, the oxygen atoms diffuse into the film, causing a phase transition from tetragonal to orthorhombic. At this step, a random exchange of the a and b axes can happen, giving rise to the so-called twinned films. In twinned YBCO films the in-plane anisotropy of the electronic structure and of the local orders, e.g. the charge order, is obscured by twin domains. All the physical properties, i.e. the cell dimensions and the critical current densities, measured in the two orthogonal in-plane directions, will be averaged on macroscopic scale. Moreover twin planes, separating domains in which a and b directions interchange, act as defects (pinning centers), which weaken locally the superconductivity and can become preferential channels for magnetic-flux penetration [20] . In untwinned YBCO films, instead, the random exchange of the a and the b axes is eliminated: the crystal structure and the superconducting properties, related to the presence of CuO chains along the b direction, can be singled out [18] .
The final twinning state of a YBCO film is strongly dependent on the in-plane symmetry of the substrate, because of the mutual strain occurring at the interface. In particular, it has been shown that substrates characterized by an in-plane lattice that can be transformed into itself both by a 90
• rotation and by a reflection in a (110) plane give rise to twinned films [14, 15] . This is the case of substrates with a cubic symmetry, such as the (001) oriented MgO, STO and LaAlO 3 (LAO). Since all the most common substrates used to grow oxides are cubic or tetragonal, the best untwinned films achieved so far are on STO substrates with a vicinal angle [18, 19] [21]. Here, the suppression of the twin domains is realized by inducing an anisotropic strain, instead of playing with the in-plane symmetry of the substrate [22] . Indeed, the surface of STO substrates, having a vicinal angle α towards the [010] (or the [100]) direction exhibits a periodic sequence of steps, with very straight edges and a height h T , spaced by (001) terraces, whose width w T decreases with increasing α (see Fig. 1a film is deposited on top of these terraces, a reciprocal strain occurs at the interface between STO and YBCO (which transforms from tetragonal to orthorhombic during the postannealing). As a consequence of the lattice mismatch between the film and the substrate (see Table  I ), the YBCO unit cells are stretched in the plane, while the STO (001) terraces are compressed. However, the strain on the substrate is strongly anisotropic, since the STO lattice parameter shrinks more easily perpendicular to the step edges, where the atoms are under-coordinated (see Fig. 1b ). As a consequence, a distortion of the substrate surface occurs at the step: the unstrained square lattice of the (001) terraces transforms into a strained rectangular lattice (see Fig. 1c ). This distortion has a strong influence on the twinning domains of the YBCO thin films: if α < 10
• the longer axis parameter of YBCO, b, tends to align preferentially along the step edges, where the STO lattice parameter is longer [22, 23] . By changing the vicinal angle and its orientation, as well as the termination of the STO substrates, different twinning states have been explored in YBCO. In particular, an untwin-ning degree exceeding 95% has been reported, using a STO substrate having a vicinal angle α = 1.1
• towards the [010] direction [19] .
III. SURFACE RECONSTRUCTION BY TEMPERATURE ANNEALING OF (110) ORIENTED MGO SUBSTRATES
The reasons for using (110) oriented MgO as substrate to deposit high quality YBCO thin films are manifold. MgO crystals are free from strain defects and twin boundaries, which have been shown (e.g. in LAO) to generate inhomogeneities in the YBCO films [24] . They have a thermal expansion coefficient (≈ 1 · 10 −5 K −1 at 273 K) similar to that of YBCO, and are characterized by low dielectric constant (≈ 10) and microwave losses (loss tangent ≈ 10 −5 at 10 GHz and 90 K) [25] . It can therefore be used in devices where a good coupling with the microwave radiation is required, differently from other substrates (e.g. STO), where the high values of dielectric constant and loss tangent, especially at low temperature, are detrimental in such applications. Finally, the usage of MgO substrates with the specific orientation (110) has strong implications on the twinning state of YBCO, which have never been explored in previous works, despite the extensive research on this subject [14, 15, 19, 22, 23, [26] [27] [28] [29] [30] [31] .
The in-plane unit cell of (110) For this work we take advantage of the well-known instability of the (110) surfaces of fcc ionic crystals [32] [33] [34] . Indeed, as a consequence of such instability, these surfaces tend to reorganize into micro and/or nanofacets under certain external conditions (temperature, etching). The consequent mosaic texture can possibly induce a strong in-plane anisotropic strain on the YBCO films, emulating the effect usually obtained with vicinal angle STO substrates. In the case of MgO, the (110) surfaces usually reorganize into (001) oriented facets, which minimize the surface energy, when a chemical polishing of the substrates is performed [35] [36] [37] . Alternatively, under thermal annealing the surface energy is reduced through a faceting of the surface into steps of shallow, high Miller index planes [38, 39] . Even though the dimensions and orientation of the facets are strongly dependent on the chosen treatment parameters, these elongated domains always run along the [100] MgO direction [38, 39] .
Therefore, to induce an anisotropic strain to the YBCO thin films, we have nanostructured the MgO surface with a heat treatment. In particular, the MgO substrates have been annealed up to t ann = 12 hours in the deposition chamber, at the same oxygen pressure used for the deposition of the YBCO films (p = p dep = 0.7 mbar) and at a temperature T ann = 790
• C, which is slightly higher than the YBCO deposition temperature. Before the annealing, we haven't made any polishing or chemical etching treatment of the surface.
The surface morphology and the orientation preference of the substrate domains have been studied prior to and after the thermal treatment both in situ through Reflection High Energy Electron Diffraction (RHEED) patterns and ex situ through Atomic Force Microscopy (AFM) images.
First, we used RHEED to get a qualitative indication of the structure of the MgO surface under thermal annealing (see Fig. 2 ). A variation of the surface morphology structure from 2D to 3D is directly revealed by an evolution of the diffraction pattern [40] . A typical RHEED image of the substrate before any annealing is shown in Figure 2a : a Kikuchi pattern is visible, indicating that the MgO substrate has a pure 2D termination, with clean and smooth surfaces. However, from t ann = 2 hours, the RHEED image evolves from streakyto spotty-like, and a three-dimensional diffraction pattern become visible. This pattern, due to the interference of the beam with multiple 3D domains, shows that a robust reconstruction of the MgO surface occurred. After such evolution, the RHEED pattern remains almost unchanged until the end of the annealing procedure (see Fig. 2b ).
To obtain more quantitative information about these 3D domains, an AFM investigation has been carried out, using Bruker ICON AFM in tapping mode (TM) and Peak Force Quantitative NanoMechanics mode (PFQNM) (see respectively Figs. 3 and 4) . In agreement with RHEED results, the as-delivered substrate surface is reasonably flat, without indication of nanoscale facets (see Fig. 3a ). Surface reconstruction occurs instead after the annealing (see Fig. 3b ): the surface roughness of the film increases by a factor 4, and elongated islands, running along the [001] in-plane direction, are formed. The average length of these islands is ≈ 80 nm, while width and height vary in the range 25 − 30 nm and 1 − 1.6 nm respectively. As confirmed by the TM AFM linescans, the angle between the plane of the facets and the (110) of the substrate is in the range 3.5
• -7
• . Similar facet dimensions and slopes have been previously observed in literature [39] and attributed to limitations of the TM AFM, due to finite tip radius and large tip-surface distance. In order to overcome these limitations, we have additionally performed an investigation with PFQNM AFM (see Fig. 4 ). In Peak Force mode, the peak of force curves at each pixel is used as the imaging feedback signal. The tip-surface distance in the PFQNM AFM is similar to contact AFM, thus enhancing the lateral resolution of imaging. In addition, PFQNM AFM allows quantitative determination of nano-mechanical properties of the surface from analysis of force curves. The tip used in the PFQNM measurements has nominal radius of 2 nm. The measured topography (see Fig. 4a ) confirmed the facet dimensions and slope that have already emerged in TM AFM. Adhesion images (see Fig. 1b-c) .
The sample topography, as determined via AFM investigation, implies that the surface of a (110) oriented MgO substrate reconstructs -as a consequence of our annealing procedure -into shallow facets, formed by (540)/(450) planes, or similar high Miller index planes. To justify the presence of nanometer-sized facets with such orientation, which has never been taken into account in previous reports, we have calculated the surface energy of (540)/(450) facets. The calculations were carried out using density functional theory (DFT) with the van der Waals density functional (vdW-DF) method [41] [42] [43] [44] in the consistent exchange version [45] . In particular, we used the DFT code Quantum Espresso [46] with a fastFourier-transform implementation of the central integral in the nonlocal correlation calculations [47] . The objects of the calculations are slabs of MgO with different surface termination, having thickness of ≈ 1.5 nm. In particular, the surface energy of the reference slab of (110) oriented MgO has been compared to that of its faceted versions. The calculated surface energy E s , defined as the energy cost for creating the surface by cleaving a piece of bulk material and letting the atomic positions relax, is reported per surface area in Table II . The result of the calculations is that the surface energy of the relaxed MgO (110) surface is reduced by the creation of the facets, despite the small energy cost required in the latter case for the creation of the cusps. As expected for MgO, the surface energy is minimized by introducing (001) facets. However, already the reconstruction into high Miller index (540) [35] [36] [37] [38] .
ment, is energetically more favorable than the (110) surface. The (540)/(450) facet reconstruction implies less atom rearrangement compared to the (001) and (350) facets, which can explain why it prevails.
IV. DEPENDENCE OF THE YBCO TWINNING STATE ON THE MGO PREANNEALING TIME

We have deposited YBCO films on (110) oriented MgO substrates by pulsed laser deposition (T dep = 760
• C, p = p dep , laser fluence 1.5 J/cm 2 ) under two different conditions: soon after the YBCO deposition temperature is reached (i.e. without preannealing of the substrate), and after the MgO preannealing, for a time which ranged between t ann = 1 − 12 hours. In this section, we will focus on slightly overdoped [48] , 50 nm thick YBCO films, achieved by using a postannealing oxygen pressure of 900 mbar [49] . However, the same discussion can be extended to films with thickness down to few unit cells and with oxygen doping spanning down to the strongly underdoped region of the phase diagram, whose general properties have been described in previous works [50, 51] .
AFM shows that, independently of the preannealing time of the substrate, all grown YBCO films have smooth surfaces with an average roughness of one atomic cell. There are some holes that coexist with the 3D spiral-like domains, typical of a c-axis growth. Additional details on the morphological properties of the films can be found in Refs. 50, 51.
The structural properties have been determined by X-Ray Diffraction (XRD) analysis using a Panalytical X'Pert PRO Materials Research 4-axis diffractometer with 4-bounce Ge220 monochromator and PIXcel detector. Symmetric 2θ − ω scans confirm that the films are highly crystalline and c-axis oriented (see Fig. 5 ). From the angular position of the (00n) peaks we can estimate the length of the YBCO c-axis parameter. It is plotted as a function of the MgO preannealing time in the inset of Fig. 5 . Without preannealing, the c-axis is 11.73Å long. When the MgO preannealing time is increased, the extracted length of the c-axis parameter decreases: after on a (110) oriented preannealed (tann = 2 hours) MgO substrate. Only (00n) YBCO reflections are observed, from whose position a compressive in-plane strain induced by the substrate into the films can be inferred. In the inset, the c-axis peak extracted by the (00n) reflections is shown, and plotted as a function of the preannealing time of the substrate. The dashed line is a guide for the eye.
t ann = 12 hours, the c-axis length is 11.707Å. However, the extracted value of the c-axis saturates for preannealing times longer than 2 hours, in agreement with the complete reconstruction of the MgO surface observed by RHEED. The result shown in Figure 5 is a first demonstration that the reconstruction of the MgO substrate, induced by our thermal treatment, has a clear influence on the structure of the YBCO films. The important role the MgO plays in defining the properties of YBCO is also highlighted by the value of the c-axis parameter, which -at any preannealing time -is elongated with respect to the bulk value (c bulk = 11.69Å). This occurrence indicates a compressive in-plane strain induced by the substrate.
To determine the twinning state of the YBCO films as a function of the MgO preannealing time, and the film-substrate orientation relations, we have explored by XRD 2θ − ω maps the asymmetrical (038)-(308) reflections of YBCO. In relaxed films these two reflections are at 2θ = 105.31
• and 2θ = 106.80
• respectively, therefore the splitting of the reflections associated to a and b axes can be resolved. For each film the maps have been taken both along the [001] and the [110] MgO directions. In Figure 6 , the results along the [110] direction are presented for films deposited on differently annealed substrates.
For films deposited on substrates without annealing (see Fig. 6a ) both the (038) and the (308) reflections are present in the map with the same intensity. The untwinning degree is determined by the integral of the stronger peak compared to the total integral of the two Figures 6b and 6c for YBCO films deposited on MgO substrates annealed respectively 2 and 5 hours. The untwinning degree of YBCO is 74% after t ann = 2 h, while it saturates to 82% after t ann = 5 h, a value close to those obtained in YBCO films deposited on vicinal angle STO substrates [19] .
The presence of [001] oriented elongated facets on the surface of annealed MgO substrates favors the growth of almost untwinned YBCO films. The a axis tends to align along the [110] MgO direction, i.e. perpendicularly to the facets, where the substrate atoms are under-coordinated and more prone to be strained at the interface with the film; the CuO chains (b axis) are instead oriented along the facets. The film-substrate orientation relationship has severe implications on the way the strain is applied to the film. This is indeed confirmed by the length of the in-plane YBCO lattice parameters we infer from the position of the (038) and (308) reflections (see Fig. 6c ). The a axis is 3.82Å, very close to the relaxed bulk value. On the contrary, all the strain induced by the substrate is on the b axis, which is compressed down to a value of 3.87Å(from 3.89Å).
V. A PECULIAR STRAIN: UNIDIRECTIONAL BUCKLING OF THE YBCO ATOMIC PLANES
The XRD investigation reveals additional details of the peculiar strain relaxation behavior of our films. Figure  7a shows the rocking curve of a typical film, measured along both of the in-plane MgO directions. Along the [110] MgO direction we get a single peak, aligned to the normal direction of the substrate (ω = 0), with a full width at half maximum (FWHM) which supports highly textured thin films. Instead, along the [001] MgO direction a much broader (00n) YBCO reflection is present, with two maxima having similar intensities, and an ω offset of ≈ 3
• with respect to the substrate normal. Such occurrence is associated to a buckling of the ab atomic planes, which is a well known phenomenon in perovskite films when they are grown on substrates with large lattice mismatch, as in our case [52, 53] . Indeed in manganite [54, 55] , ruthenate [56] and nickelate [57] films the distortion of the oxygen octahedra represents the main strain relaxation mechanism, requiring a lower energy cost than the compression/stretching of the in-plane bond lengths. In particular, by plotting in the reciprocal space the rocking curves of the different (00n) YBCO reflections, measured along the [001] MgO direction, we observe that the distance between the two peaks increases with the order of the reflection (see Fig. 7b ). This indicates that our films are dominated by macroscopic buckling domains [54] , with the (001) atomic planes tilted by an angle ≈ 3
• , with respect to the substrate surface, as sketched in Figure 7c . These buckling domains are unidirectional, i.e. oriented along the [001] MgO direction, which -if the substrates are preannealed -corresponds to the direction of the CuO chains of YBCO.
To understand the origin of the buckling in our films, we performed high-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM). A representative Z-contrast image is shown in Fig. 7d . A waving of the (001) YBCO planes along the [001] MgO direction is enlightened, which is also favored by the in- tercalation of Y 2 Ba 4 Cu 8 O 16 intergrowths (e.g. YBCO unit cells with a doubling of the chains layers) within the YBCO matrix [50] . The average period of the waves is ≈ 30 nm. Since this length is commensurate to several tens of the MgO units cell, strain relaxation of the film occurs with a slight tilt of the (001) YBCO planes around the normal to the substrate surface. This ensures the absence of grain boundaries at the interface between adjacent buckling domains [58, 59] , which is also confirmed by the transport characterization on our YBCO films, presented in the next section.
The previous HAADF-STEM investigation has been performed on ultrathin YBCO films (t = 10 nm), where interface effects between film and substrate are emphasized. Indeed, the buckling of the (001) YBCO atomic planes is a mechanism to release the stress at the interface with the substrate, when a large lattice mismatch is present. We expect this to occur up to a relaxation threshold, i.e. a thickness above which the film relaxes, growing independently of the substrate lattice parameters. On 200 nm thick YBCO films the transverse splitting of the (00n) Bragg peaks along the [001] MgO direction disappears (see Fig. 7e ). The peak is still broader than on the [110] MgO direction, as a consequence of the buckling occurring in the first layers, closer to the interface.
VI. ANISOTROPIES IN THE TRANSPORT PROPERTIES OF UNTWINNED YBCO NANOWIRES
For our YBCO films grown on (110) oriented MgO substrates we have developed a nanopatterning procedure based on a PLD-deposited carbon mask, in combination with electron beam lithography and a gentle Ar + ion milling [60, 61] . We have therefore fabricated nanowires [50, 51, 62] , Dayem bridge Superconducting QUantum Interference Devices [63] [64] [65] and nanorings [66] with dimensions down to 30 nm and properties unaffected by the patterning procedure.
The nanofabrication process present no differences for both untwinned and twinned samples. We can therefore focus on the transport properties of untwinned nanostructures, representing clean systems where the alignment of the CuO chains is preserved down to the nanoscale. On these systems, we can measure both an intrinsic anisotropy, deriving by the orthorhombicity of the unit cell (i.e. by the presence of CuO chains along the b direction), and possibly "unexpected anisotropies", appearing as a function of the oxygen doping and/or of the film thickness as a consequence of strain and confinement effects.
To study the in-plane anisotropy of the films due to their twinning state, and test if it is preserved down to the nanoscale, we have patterned YBCO nanowires on twinned and untwinned films (with untwinning degrees respectively as in Figs. 6a and 6c ) at different in-plane angles γ with respect to the [110] direction of the substrate (see Fig. 8a ). Among all the measurements which have been done, in wires of different widths (between 50 The ratio of the resistivities ρa/ρ b , measured at 300 K on untwinned underdoped nanowires, is presented as a function of the film thickness t. The solid area represents the range of ρ anisotropy, which is expected in single crystals at that level of doping [67] . The dashed line is a guide for the eye. In ultrathin 10 nm thick nanowires an additional, strain-induced, anisotropy is present. nm and 5 µm) and oxygen levels (between the strongly underdoped and the slightly overdoped [51] ), here we will focus on the values at γ = 0
• and γ = 90
• of the critical current density J c at 4.2 K and of the resistivity ρ at 300 K. These values have been respectively determined by recording the Current Voltage Characteristics and measuring the resistance as a function of the temperature.
In Figure 8b the J c values at 4.2 K of slightly overdoped (p = 0.17) nanowires are shown at γ = 0
• . In nanowires patterned on the untwinned film, at γ = 90
• , where the YBCO b axis is oriented, the J c values are a factor 1.2 larger than at γ = 0
• , where the a axis is present. The reason of such anisotropy is intimately related to the twinning state of the systems. Indeed, the J c values of our nanowires are due to the entry of Abrikosov vortices and they are therefore proportional to λ −2 L , where λ L is the London penetration depth [51, 68] The λ L in-plane anisotropy inferred from the J c values of our nanowires is in very good agreement with that determined in untwinned YBCO single crystals with the same value of doping [69] . On the contrary, for nanowires patterned on twinned films the J c values are almost identical at γ = 0
• . Indeed here, because of the random exchange of the a and b axis, the effect of the λ L anisotropy due to the cell orthorhombicity is lost.
In Figure 8c the ratio ρ a /ρ b of the resistivities measured at 300 K on untwinned, underdoped (p = 0.125) nanowires are shown for two values of the film thickness t. Nanowires with t = 50 nm are characterized by a ρ anisotropy which is in perfect agreement with that expected in untwinned single crystals, at the same oxygen level [67] . The resistivity ratio doubles in nanowires with t = 10 nm. Here, a nematicity is present, in addition to the trivial anisotropy due to the chains. The origin of this nematicity can possibly be related to the strain, which is much more effective in ultrathin films, where interface effects play a crucial role (as previously highlighted in Sec. V).
VII. SUMMARY AND CONCLUSIONS
To conclude, by using a proper substrate preparation, we have succeeded in the growth of untwinned and compressively strained YBCO thin films and nanostructures.
YBCO is expected to grow twinned on (110) oriented MgO substrates. To modify the twinning state, we performed a thermal treatment in oxygen atmosphere of the substrates, to induce the reconstruction of the (110) surface, which is known to be unstable. This leads to the formation of elongated facets of shallow, high Miller index planes. When a YBCO film is deposited on top of these annealed substrates, the facets act as the step edges of vicinal angle (001) oriented STO substrates, i.e. they favor the alignment of the CuO chains along the elongated side of the facets.
A peculiar strain occurs at the film-substrate interface, as a consequence of the large mismatch between the inplane lattice parameters. Along the b direction, both a variation of the in-plane bond lengths and the distortion of the oxygen octahedra occur. The CuO chains are therefore compressively strained, and present a buckling with respect to the substrate surface.
Films with different oxygen doping from the strongly underdoped up to the slightly overdoped level have been patterned into nanowires, with dimensions down to 50 nm. Our preliminary results show that the untwinning state of YBCO is preserved down to the nanoscale. Indeed, we have focused on the values of the critical current density and the resistivity of nanowires patterned either along a or along b. The intrinsic anisotropy of the transport properties, deriving by the presence of the CuO chains along the b axis direction, remains, with values in very good agreement with those of untwinned single crys-tals [67, 69] . Moreover, we got some hints of the presence of additional, unexpected, anisotropies, induced by the strain, in ultrathin films where the role of the substrates in modifying the length and shape of the relaxed YBCO unit cell is more relevant.
The latter result shows that, when strain effects become dominant, the YBCO properties are modified with respect to the relaxed, bulk form. This occurrence is of high relevance. In our 50 nm thick films, where the role of the strain is marginal, we have recently observed bulklike charge order [70] . The compression, by pressure or mechanical stress, of untwinned single crystals has been shown to strongly modify -either suppressing or enhancing -several intertwining orders, such as the charge order, in the underdoped region of the cuprate phase diagram. Our films and nanostructures can therefore represent a clean system where one can tune these orders (CDW, nematicity, etc.) down to the nanoscale by strain.
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